This paper takes the position that detrimental drug-drug interactions (DDIs) involving antidepressants are clinically relevant. In doing so, it begins with a definition of the terms: drug-drug interaction, detrimental, and clinical relevance. It then discusses the issues of proof and provides an overview of the clinically relevant DDIs involving antidepressants. It also gives examples involving drugs besides antidepressants based on the premise that the underlying principles are applicable regardless of the therapeutic classes of the drugs involved.
Point
We have been asked to argue in favor of the proposition that detrimental drug-drug interactions (DDIs) involving antidepressants are clinically relevant. Of necessity, we must define the following terms: drug-drug interaction, detrimental, and clinical relevance.
We will then discuss the issues of proof and briefly overview the clinically relevant DDIs involving antidepressants. We will also use examples involving drugs besides antidepressants as the principles underlying clinically relevant DDIs are independent of the therapeutic classes of the drugs involved. Finally, we will explain why DDIs are important when considering the credentials needed for prescribing privileges.
DEFINITION OF A DDI
For the purpose of this paper, a DDI will refer to the pharmacological phenomenon whereby the presence of a second drug alters the nature, magnitude, or duration of the effect of a given dose of a first drug. An antidepressant DDI is the subset of all DDIs in which one of the two drugs involved is an antidepressant.
To expand the above definition, a change in the nature means that the observed effect seen in the patient is not something that would be expected from either drug alone regardless of the dose given. Examples include the serotonin syndrome resulting from the coadministration of a serotonin re-uptake inhibitor (SRI) and a monoamine oxidase inhibitor (MAOI) or a hypertensive crisis as can occur when a large amount of tyramine is consumed by a person on an MAOI.
A change observed in the magnitude or the duration of the effect of a given dose of a given drug means that the effect is one that could reasonably be expected to be produced by the first drug alone but not at the dose given. Instead, the effect is either more or less or lasts longer or shorter than would be expected for the dose given.
To further illustrate the last point, consider that the effect of any drug is determined by three variables as expressed in the following equation:
Effect ¼ affinity for and intrinsic activity at a site of action Âdrug concentrationÂinterindividual variance
Note: Multiplication is used in the above equation for simplicity in lieu of a more complex attempt at expressing the mathematical relationships between the three major variables and their subsets.
The first variable in this equation is the pharmacodynamics (ie what the drug does to the body). The second variable is its pharmacokinetics (ie what the body does to the drug). The third variable is the reason why all patients do not respond in exactly the same way to the same dose of the same drug. Some may be completely refractory to the beneficial effects of the drug because their illness is not affected by the mechanism of the drug. Some may be relatively or sensitive resistant to the effect of the drug and this may, in some instances, be handled by dose adjustment.
Parenthetically, there are four major sources of biological variance among patients: genetics, age-associated changes in physiology, disease, and changes brought about by what the patient consumes and thus modifies his internal environment. Genetics are trait phenomena whereas the other three are state phenomena.
DDIs are the subset of the internal environment in which the presence of a second drug alters the response to a first drug. To further put this matter and the topic of this opinion paper into perspective, consider that most drugs treat human disease by changing the biology of the patient. The exception to this statement are anti-infectives as they are given to change the biology of the pathogen (eg bacteria) causing the infection. In terms of changing human biology, consider that 5-10% of Caucasians have a genetic polymorphism that produces functional deficiency in cytochrome P450 (CYP) 2C6 activity, an enzyme estimated to be the preferred enzymatic pathway for 30% of all clinically used drugs (Levy et al, 2000) . Although the incidence of genetic deficiency is 5-10% in the high-risk Caucasian population, treatment with 40 mg/day of fluoxetine converts 95% of individuals with genetically normal CYP 2D6 activity into phenocopies of genetic deficiency (Otton et al, 1993) . This is an unintended effect, which can nevertheless have consequences when fluoxetine is coprescribed with drugs dependent on biotransformation by CYP 2D6 as a necessary step in their elimination.
DDIs can be classified as either pharmacodynamic or pharmacokinetic. A pharmacodynamic DDI is where the independent effects of the two drugs produce a change in the nature, magnitude, or duration of the effect expected from either drug alone. A pharmacokinetic DDI is where one drug alters the pharmacokinetics of a coprescribed drug (ie either its absorption, distribution, metabolism, or elimination). In a pharmacokinetic DDI, one drug may be conceptualized as the victim (ie the affected drug) and the other as the perpetrator (ie the causative agent). This nomenclature is not relevant for pharmacodynamic DDIs because both drugs are independently contributing to the DDI as a result of their separate actions on the body.
DETRIMENTAL
According to Webster, detrimental means undesirable or harmful. To further make this concept relevant to the clinical use of drugs, the authors will use the Food and Drug Administration's (FDA's) definition of an adverse event (AE): 'An adverse event is any unfavorable and unintended sign (including an abnormal laboratory finding, for example), symptom, or disease temporally associated with the use of a medicinal product, whether or not considered related to the medical product (Department of Health and Human Services et al, 2005) . ' The FDA further classifies AEs on three dimensions: (a) frequency (ie likelihood that they will occur), (b) severity, and (c) seriousness. The FDA categories for frequency are (a) frequent ¼ incidence of 1/100 or greater, (b) infrequent ¼ incidence of less than 1/100, but greater than or equal to 1/1000, and (c) rare ¼ incidence less than 1/1000. (4). Severity refers to the magnitude of the effect and is generally categorized as mild, moderate, or severe. Serious refers to whether the AE produces one or more of the following outcomes:
1. death (or is life threatening), 2. persistent or significant disability/incapacity, 3. hospitalization or prolongation of existing in-patient hospitalization, 4. congenital anomaly/birth defect, 5. cancer, 6. clinically significant overdose, and 7. other important medical events that require medical or surgical intervention whether that occurs in an emergency room or ambulatory surgical center to prevent death or hospitalization.
Given these definitions, severity and seriousness obviously refer to different dimensions. For example, severe dry mouth is rarely, if ever, serious, whereas even a mild myocardial infarction likely would be considered serious.
CLINICAL RELEVANCE FROM A PUBLIC HEALTH PERSPECTIVE
Clinical relevance is a judgment call balancing acceptable risk vs potential benefit. The issue of DDIs has gained increasing attention as a specific risk issue over the last 15 years initially as a result of the problems encountered with terfenadine (Seldane), which eventually led to its removal from the market in the US and most other countries around the world.
To be at potential risk for a DDI, a person must be taking more than one drug. This is common in the US and the rest of the developed world. To illustrate this point, a 2004 US Public Health Survey found that 44% of all Americans 18 years of age or older took one or more prescription drug in the last 1 week, 17% took three or more, and 7% took five or more, and these numbers are approximately two to three times higher for Americans 65 years of age or older (Table 1) Based on a recent survey, antidepressant use predicts more multiple medication use than does age in VA outpatients (( Table 2 ). In populations of 1000 or more, 62 and 96% of the VA outpatients under 60 and 60 or older, respectively, were on unique drug combinations. Admittedly, the VA patient population may be more complicated in terms of both psychiatric and medical comorbidity than many other clinical populations. Nevertheless, surveys show that most clinical populations contain a sizeable percentage who are at risk for a DDI. For example, 30-35% of patients in primary care and private outpatient psychiatric clinics are taking three or more drugs in addition to their antidepressants (Preskorn, 1998b) . In summary, the above data indicate that a sizeable percentage of the US population is at risk for a DDI and the percentage at risk is increased if the patient is on an antidepressant.
Recall that most drugs are given to change the biology of the patient (Equation (1)). The above studies carried out in VA outpatients found that 83-96% of those on antidepressants are biologically unique based on just the specific combination of medications that they are receiving Silkey et al, 2005) .
The frequency and extent of multiple medication use in VA outpatients has several other implications as follows:
1. The fact that the median VA patient on an antidepressant is on five to six drugs means that they are at risk for complex DDI involving much more than the effect of one drug on another.
2. The fact that there are almost no formal DDI studies involving the combined effects of more than one drug on another means that there is little systematic data to guide clinicians as to what can be expected from these complex regimens. 3. The fact that 83-96% of VA outpatients on an antidepressant is on a unique regimen means that no single VA prescriber is likely to have much clinical experience to guide their assessment of what to expect in terms of the combined effects of the total regimen their patient is receiving.
Parenthetically, some readers might wonder whether the percentage of unique drug regimen is less of a problem than it might appear because drugs can be grouped together in classes. Although a complete discussion of this issue is beyond the scope of this paper, it has been addressed elsewhere Silkey et al, 2005) . Briefly, the answer is no. The reason is that drug classes are almost always based on only one salient pharmacological feature and most drugs can be classified in multiple ways. Drugs that fit together in a class defined by one pharmacologic feature may not fit together when viewed from another pharmacologic perspective.
To illustrate this point, consider the class of antidepressants termed serotonin selective re-uptake inhibitors (SSRIs). All of the drugs in this class have the ability to relatively selectively block the serotonin transporter protein and spare effects on other common neural mechanisms of action. Nevertheless, two of the SSRIs (ie fluoxetine and paroxetine) are substantial inhibitors of the drug-metabolizing CYP enzyme, 2D6, whereas the other four are not (Preskorn, 2003a (Preskorn, , 2003b .
CLINICAL RELEVANCE: WHAT ARE CRITERIA?
The above facts set the stage for a discussion of how to assess the clinical relevance of DDIs. A conservative position would be to decide that only DDIs resulting in an SAE should be considered clinically relevant. Certainly, few would argue that a DDI causing an SAE is not at least potentially clinically relevant. However, some might argue that this threshold, although having high specificity, lacks sensitivity (ie too many false negatives).
A liberal approach would be to claim that any DDI resulting in any untoward or unfavorable outcome of any severity is clinically relevant. Some would argue that this approach, although highly sensitive, lacks specificity (ie too many false positives).
A position between these two poles would be that clinical relevance is determined by whether the DDI results in a change in treatment by the physician, the patient, or a third party such as the FDA. Such a change could include:
1. discontinuing one or more of the drugs involved, 2. adding another drug, 3. having an additional office visit, 4. performing additional diagnostic tests, and/or 5. removing the drug from the market.
Another criterion for clinical relevance could be that the treatment outcome is less than what could reasonably be expected. 
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The problem is that DDIs can produce all of these various outcomes:
1. a multitude of different types of SAEs, such as sudden death (Ferslew et al, 1998; Preskorn, 2002; Preskorn and Baker, 1997) , seizures (Spigset et al, 1997) , cardiac rhythm disturbances (Richard et al, 1997; Robinson et al, 2000) , serotonin syndrome (Beasley et al, 1993) , malignant hypertension (Otte et al, 2003) , neuroleptic malignant syndrome (Preskorn, 1997b) , and delirium (Reeves et al, 2002; Stanford and Stanford, 1999) , 2. the apparent worsening of the disease being treated (Ludgate et al, 1985; Preskorn, 1998a Preskorn, , 1997a , 3. the appearance of a new disease (Malek-Ahmadi and Allen, 1995), 4. lack of efficacy (ie patient is 'resistant' to beneficial drug effect) (Johne et al, 2002) , 5. poor tolerability (ie patient is 'sensitive' to adverse drug effect) (Ahmed et al, 1993; Azaz and Danenberg, 1997; Moskowitz and Burns, 1988; Robinson et al, 2000; Sperber, 1991; Spina et al, 2002; de Leon et al, 2005) , and 6. withdrawal symptoms or drug-seeking behavior on the part of the patient (Bertschy et al, 1994) .
The reason is that DDIs present as an alteration in the physiology of the patient (Equation (1)) and thus can mimic almost any clinical presentation. This can make the detection of DDIs difficult, which in turn leads to an underestimation of their apparent clinical relevance.
CLINICAL RELEVANCE: WHAT PROOF IS REQUIRED?
Recognition of the above leads inextricably to a discussion of what level and type of proof is necessary to classify a DDI as clinically relevant. The issue of proof is obviously problematic for the following reason: a high threshold (ie the occurrence of an SAE) should be easier than a low threshold (ie a less than maximum treatment outcome) from both an identification and an attribution perspective.
From an identification perspective, an SAE by definition is an event that obviously and significantly changes the health status of the patient, whereas a less than optimal outcome requires knowing what the optimal outcome could have been. From an attribution perspective, the causal link between an SAE and a DDI is often easier to establish because the development of the SAE is often temporally closely linked to the addition of the second drug. In contrast, a less than optimal outcome could be due to a host of factors and is most often attributed to the patient having an illness that is resistant to treatment.
Nevertheless, the determination of clinical relevance is even a problem when the threshold is an SAE. With the SAE, the issue is how often or how reliably does the SAE have to be produced? Is a single SAE out of 1000 instances sufficient to classify the DDI as being clinically relevant or does the DDI always have to result in an SAE?
Reference to recent actions with regard to the adverse effects of single drugs is relevant to this discussion. Merck removed its analgesic rofecoxib (Vioxx) from the market because it produced a small increase in the frequency of strokes and myocardial infarctions in patients treated with the drug for 18 months or longer compared with a parallel placebo control group. Pfizer, in contrast, kept their comparable drug celecoxib (Celebrex) on the market despite increases in strokes and myocardial infarctions in patients treated with high doses of that drug. The FDA removed the otherwise safe and effective drug terfenadine (Seldane) from the market when it was found to cause Torsade des Pointes when taken in combination with a substantial CYP 3A inhibitor such as ketoconazole (Nizoral) (De Ponti et al, 2001; Ray et al, 2004; Tamargo, 2000) . An estimated 250 people died from such an interaction. Given the large number of patients treated with terfenadine, 250 deaths represent an incidence much smaller than one in a thousand. The drug nefazodone (Serzone) received a black box warning as a result of its use being associated with the occurrence of liver failure leading to death or requiring liver transplantation for every 250 000 patient-years of exposure. In response to that black box, Bristol-Myers-Squibb, the manufacturer of nefazodone, decided to discontinue the active marketing of this antidepressant.
To put this matter in perspective, most psychiatrists would probably consider the simultaneous use of an MAOI and an SRI to be an unequivocal example of a clinically relevant, detrimental antidepressant DDI. Similarly, the FDA requires a class label against the use of these two pharmacodynamically defined classes of antidepressants owing to the risk of a detrimental DDI resulting in a serotonin syndrome, which can range in severity from tolerability problems to an SAE. Nevertheless, there are no systematic data on the frequency with which the combined use of these two classes of drugs led to an AE much less an SAE. In fact, some neurologists have taken a position of supporting the combined use of selegiline and SRIs as being safe and clinically useful. A paper has been published showing that this combination rarely results in a detrimental inconveitible outcome (Richard et al, 1997) . In summary, there is lack of inconvertible data to make decisions about the relative risks of a DDI even when considering a virtually universally accepted contraindicated DDI: the use of an SRI and an MAOI together.
CLINICAL RELEVANCE: WHY IS THERE NOT MORE FORMAL DATA ON CLINICAL RELEVANCE OF DDIs?
Imagine proposing a study to provide empirical data about the relative risk of using an MAOI and an SRI together. Would an Institutional Review Board (IRB) approve such a study? If the study were approved, how successful would the enrollment be?
The DDI involving an SRI and an MAOI together falls into the pharmacodynamic subclass of DDIs. Studies of this type of DDI are often more difficult because of the absence of a consensually agreed-upon surrogate marker for the adverse outcome (eg a serotonin syndrome). In contrast, a change in the concentration of the affected drug is often used as a surrogate in the case of a pharmacokinetically mediated DDI. A number of studies have been carried out using this surrogate, particularly for pharmacokinetic DDIs in which the mechanism is an alteration in the activity of a drugmetabolizing enzyme such as a CYP enzyme. Nevertheless, the question remains: How does one compute a change in the level of a victim drug into an estimate of the relative risk that a clinically meaningful DDI can occur?
To expound on this point, consider the DDI studies already mentioned above, which have shown a reproducible and sizeable difference among SSRIs in terms of their effects on various CYP enzymes such as 2D6 (Preskorn, 2003a, b) . For example, treatment with the lowest usually effective dose of fluoxetine and paroxetine produce approximately a 500% increase in the plasma concentration of coprescribed drugs, which are usually dependent on CYP 2D6-mediated biotransformation to be eliminated from the body, whereas the other four SSRIs at their lowest usually effective antidepressant dose produce increases of 100% or less. Another example would be the effect of fluvoxamine vs the other SSRIs on substrates for CYP 1A2. The lowest usually effective antidepressant dose of fluvoxamine (based on the countries in which it is approved as an antidepressant) produces over a 500% increase in the level of coprescribed drugs, which are usually dependent on biotransformation mediated by this enzyme for their elimination, whereas all of the other SSRIs produce almost no discernible effect on the functional activity of this CYP enzyme (Spina et al, 2002) .
Despite these remarkable and highly reproducible differences, the 'so what' question can reasonably be asked. How often do such increases in the plasma concentration of the affected drug lead to a clinically meaningful untoward outcome? The problem is that such studies are purposely carried out either using a model substrate with a large therapeutic index such that no untoward effect will occur or with such a low dose that even a five-fold increase in the levels of a coprescribed drug with a narrower therapeutic index will still not result in a serious untoward outcome (Johne et al, 2002; Levy et al, 2000) .
Again, consider proposing a study to determine the relative risk of an SAE occurring as a result of such an increase at doses conventionally used in routine clinical practice as opposed to the low doses typically used in pharmacokinetic DDI studies. For example, clozapine is known to have a dose-dependent risk of seizures at 300 mg/ day; the risk is approximately 1%, whereas the risk is approximately 5% (ie five times higher) at a dose of 900 mg/ day. Moreover, the risk of seizures and even the prodrome of EEG dysrhythmia has been shown to be dependent on the plasma levels of clozapine achieved (Khan and Preskorn, 2005) .
Coprescribing clozapine at a dose of 300 mg/day with the usually effective antidepressant dose of fluvoxamine will produce the plasma levels of clozapine expected at a dose of 900 mg/day or higher (Wetzel et al, 1998) . In such a situation, one could hypothesize that the seizure risk would be 5% or more rather than 1%. To test this hypothesis, one could carry out a study in which individuals would be assigned to one of three groups: 300 mg/day of clozapine, plus placebo, 900 mg/day of clozapine plus placebo, or 300 mg/day of clozapine plus fluvoxamine. Some research purists might want to also include a fluvoxamine plus placebo arm. To have adequate power to test this hypothesis, the study would require 300 individuals per treatment arm as the risk of clozapine-induced seizures due to clozapine is only 5% in patients receiving 900 mg/day. Such a study of course would not receive IRB approval. If it did and if it confirmed a five-fold increased risk of seizures, then most would probably conclude that this clozapine-fluvoxamine DDI is clinically relevant.
Some readers might wonder if such studies are needed on the premise that any clinically relevant DDI would be detected by clinical experience. In fact, most DDIs are initially detected by clinical experience and then confirmed by either more experience or formal study. Nevertheless, formal studies may be needed to fully understand the magnitude of the problem posed by a DDI because of the complexity of multiple medication use in clinical practice as reviewed earlier in this paper. A case in point is the recent finding that coprescription of erythromycin with drugs, which it can interact with pharmacokinetically, is associated with a five-fold increase in the risk of sudden death (Ray et al, 2004) .
If it is possible to underestimate the clinical relevance of erythromycin-related DDIs, which cause to a five-fold increase in the risk of sudden death, imagine the difficulty assessing the clinical relevance of DDIs leading to an increased incidence in expected AEs or reduced efficacy. In this regard, de Leon and co-workers found that the coprescription of risperidone and a substantial CYP 2D6 inhibitor such as fluoxetine produced more than a threefold increase in the odds ratio for discontinuation of the drug owing to the development of acute extrapyramidal side effects (EPS), a rate comparable to that seen in individuals genetically deficient in CYP 2D6 activity (de Leon et al, 2005) .
This finding from the de Leon study illustrates the problem of detection. Although many clinicians would probably agree that a DDI leading to the discontinuation of an otherwise effective and generally well-tolerated antipsychotic is clinically relevant, how easy would it be to detect in clinical practice? First, EPS is a dose-dependent AE with risperidone; hence, a control group would be needed as in the de Leon study to determine that the risk was increased in population on the perpetrator antidepressant (eg, a substantial CYP 2D6 inhibition). To establish the mechanism with certainty, it would be best to have patients on another antidepressant which shared all of the effects of the perpetrator antidepressant except the critical one. Some might also like to have as another comparison group patients on another drug with a different pharmacology, except for sharing the mechanism of action believed to be responsible for the offending interaction. In the de Leon study, the mechanism was CYP 2D6 inhibition, and therefore an ideal prospective study would compare four groups of patients on the same dose of risperidone: (a) a group on risperidone plus placebo, (b) a group on risperidone plus an SRI, which at usual antidepressant doses routinely produces substantial CYP 2D6 inhibition (ie fluoxetine or paroxetine), (c) a group on risperidone and an SRI, which at usual antidepressant doses does not routinely cause substantial CYP 2D6 inhibition (ie citalopram, escitalopram, sertraline, or venlafaxine), and (d) a group on risperdone and a drug which is not an SRI and not even an antidepressant but which nevertheless routinely causes CYP 2D6 inhibition such as the antifungal agent, terbenafine. To prove the mechanism was solely CYP 2D6 inhibition, the incidence of discontinuation owing to EPS
The clinical relevance of drug-drug interactions S Preskorn and S Werder would have to not be different in groups a and c whereas the incidence would be significantly higher in groups b and d and not different from each other. In addition, the study would have to be powered to detect what was considered a clinically meaningful increase rate of discontinuation and of course would have to receive IRB approval. In the de Leon study, there were both a negative and a positive control group: genetic CYP 2D6 EMs and genetic CYP 2D6 PMs and then the experimental group which was genetic EMs on a drug that produces substantial CYP 2D6 inhibition at usual clinical doses.
Considering the de Leon study further, it is also obvious why proper attribution of an adverse outcome in clinical practice is difficult. The outcome in de Leon's study was discontinuation of risperidone in hospitalized patients. In this setting, the reason for the discontinuation can be ascertained with some confidence. In clinical practice, most treatment with risperidone is carried out in outpatients. In this setting, the EPS will likely not occur for the first time when the patient is in the office for the clinician to see it. The clinician will only see the EPS if the patient remains on the same dose of risperidone until they come back for their appointment. That could occur with mild Parkinsonism or akathisia, but would not likely happen in the case of acute dystonia or more severe Parkinsonism or akathisia. In the latter cases, the patient is likely to discontinue risperidone, the offending antidepressant, or both. In that case, the patient may return to the clinic at their follow-up appointment and report their EPS. In this scenario, the clinician will likely attribute the event as due to the patient being 'sensitive' to risperidone, but may not understand why they are sensitive (ie the concomitant treatment with a substantial CYP 2D6 inhibitor). The patient could also experience a psychotic relapse secondary to discontinuing the risperidone, in which case they may end up in the emergency room and then admitted. In this scenario, their relapse may contribute to noncompliance without realizing that the noncompliance was due to an antidepressant-mediated DDI. Certainly, many clinicians would consider a psychotic relapse leading to hospitalization to be a clinically significant change in outcome, but they may not realize that the cause was an antidepressantmediated DDI.
ARE THERE CLINICALLY RELEVANT DDIs INVOLVING ANTIDEPRESSANTS?
The above discussion illustrates that the extent of clinically relevant DDIs involving antidepressants may be currently substantially underestimated. With this caveat in mind, there are a number that are consensually accepted. Most clinicians would agree that MAOIs lead the list of antidepressants with clinically relevant DDIs. These include serotonin syndrome resulting from the combined use of an MAOI and an SRI or some other drugs capable of increasing the release of serotonin in the brain, and hypertensive crisis resulting from the combined ingestion of an MAOI and foods rich in tyramine and perhaps to a lesser extent when used in combination with norepinephrine re-uptake pump inhibitors. These DDIs are considered so clinically relevant that MAOIs are rarely used today, and some would argue that they are underutilized even when other antidepressants have proven ineffective.
Tricyclic antidepressants (TCAs) are probably the next class of antidepressants with the most compelling evidence for clinically relevant DDIs. TCAs can be divided into two main classes: tertiary amine TCAs (eg amitriptyline) and secondary amine TCAs (eg nortriptyline, which is the Ndemethlyated metabolite of amitriptyline).
Tertiary amine TCAs have multiple actions and thus can pharmacodynamically interact in multiple ways with other drugs. Tertiary amine TCAs are serotonin and norepinephrine re-uptake pump inhibitors as they can interact with MAOIs to cause both the serotonin syndrome and hypertensive crisis, respectively. In contrast, secondary amine TCAs are relatively selective norepinephrine re-uptake inhibitors. For this reason, they can cause hypertensive crisis when used in combination with MAOIs but rarely, if ever, the serotonin syndrome.
Tertiary amine TCAs also block histamine receptors centrally and alpha-1 adrenergic receptors. As a result of the histamine blockade centrally, tertiary amine TCAs can potentiate the sedative effects of many drugs as well as alcohol. As a result of the blockade of alpha-1 adrenergic receptors, tertiary amine TCAs can potentiate the effects of many antihypertensive drugs, particularly beta-blockers (Thornton, 1979) .
TCAs have a narrow therapeutic index as a result of concentration-dependent central nervous system and cardiac toxicity. Their principal biotransformation required for elimination is ring hydroxylation mediated by CYP 2D6 (Shad and Preskorn, 2000) . In addition, tertiary amine TCAs are N-demethylated principally by CYP 1A2 and 3A (Shad and Preskorn, 2000) . As such, they are susceptible to clinically relevant, pharmacokinetic DDIs when coprescribed with substantial inhibitors of these CYP enzymes. These include CYP 2D6 inhibitors such as bupropion fluoxetine, paroxetine, and terbenafine and CYP 1A2 inhibitors such as fluvoxamine and quinilone antibiotics, and CYP 3A inhibitors such as fluvoxamine, nefazodone, some azole antifungals and some macrolide antibiotics (Ahmed et al, 1993) .
Beyond the tertiary amine TCAs, there are a number of other antidepressants that inhibit the serotonin transporter protein. These include all of the SSRIs and the serotoninnorepinephrine re-uptake inhibitors duloxetine and venlafaxine. As a result, these drugs can all cause a serotonin syndrome when used in combination with MAOIs. Owing to their ability to block norepinephrine uptake, duloxetine and venlafaxine can also cause a hypertensive crisis when used in combination with MAOIs.
In addition to the above, a few antidepressants produce substantial inhibition of specific CYP enzymes at their usually effective doses. These (and the enzymes they inhibit) include bupropion (2D6), fluoxetine (2D6, 2C9/ 10), fluvoxamine (1A2, 3A), nefazodone (3A), and paroxetine (2D6) (Shad and Preskorn, 2000, 2003a, b) . These drugs can substantially elevate the levels of coprescribed drugs which are dependent on one or more of these specific CYP enzymes. As discussed above, the seriousness of a DDI will be a function of the dose of the victim drug and its therapeutic index.
DDIs AND PRESCRIBING PRIVILEGES
There is considerable debate about the nature and extent of training needed to safely and effectively prescribe medications. This issue is often considered only with regard to using one drug in isolation. However, many patients are on multiple medications with complex potential to interact in a clinically meaningful way Silkey et al, 2005) .
The knowledge and skill necessary to avoid untoward DDIs are necessarily the same as those needed to safely and effectively prescribe medications. These include being able to 1. diagnose the patient adequately, 2. select appropriate medication(s) to treat all of the illness(es) the patient has, and 3. take into account the biological variance that distinguishes the specific patient from the usual patient in the registration trials that support the approval of drugs. This biological variance includes that created by the other medications that the patient is taking.
Thus, the issue of clinical relevance of detrimental DDIs is fundamental to the ongoing debate about prescribing privileges.
SUMMARY
The question posed for this discussion appears simple, but the answer is necessarily complex. The answer involves understanding how drugs interact, the limited amount of systematic study that has been carried out to test the clinical relevance of DDIs, and the complex nature of multiple medication use in routine clinical practice.
